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Abstract 
Purpose: The aim of this systematic review and meta-analysis was to evaluate the micro-
bial colonization at the implant-abutment interfaces (IAI) on bone-level implants and to 
identify possible association with peri-implant conditions. 
Materials and Methods: The focus question aimed to answer whether two-piece osseoin-
tegrated implants in function for at least 1 year in human relate to higher bacterial count 
and the onset of peri-implantitis, compared to healthy peri-implant conditions. Search strat-
egy encompassed the on-line (MedLine, Google scholar, Cochrane library) literature from 
1990 up to March 2015 published in English using combinations of MeSH (Medical Sub-
ject Headings) and search terms. Quality assessment of selected full-text articles was per-
formed according to the ARRIVE and CONSORT statement guidelines. For data analysis, 
the total bacterial count of Porphyromonas gingivalis, Tannerella forsythia, Treponema 
denticola, Prevotella intermedia, and Fusobacterium nucleatum was calculated and com-
pared to IAI with or without peri-implant pathology. 
Results: A total of 14 articles, reporting data from 1126 implants, fulfilled the inclusion cri-
teria and subjected to quality assessment. The selected studies revelaed contamination of 
the IAI, in patients who received two-piece implant systems. Meta-analysis indicated signif-
icant difference in total bacterial count between implants affected by peri-implantitis versus 
healthy peri-implant tissues (0.387±0.055; 95% CI 0.279-0.496). Less bacterial counts 
were identified in the healthy IAI for all the investigated gram-negative bacteria except for 
Tannerella forsythia. 
Conclusions: Significantly higher bacterial counts were found for periodontal pathogenic 
bacteria within the IAI of implants in patients with peri-implantitis compared to those im-
plants surrounded by healthy peri-implant tissues.
  
Introduction 
Microgaps at the implant-abutment interfaces (IAI) are typical for two-piece osseointe-
grated dental implant systems and seem to play a significant role in bacterial colonization 
at the peri-implant sulcus.1 This, in turn, may yield to peri-implant inflammatory reactions 
and subsequently loss of supporting bone.2-7 Bacterial leakage at the IAI along with the 
abutment screw assemblies that act as bacterial reservoir may result in an area of the fix-
ture/abutment interface and trigger a host response with inflamed soft tissues and possible 
marginal peri-implant bone loss.8-12 
 Numerous attempts have been made to reduce the inner bacterial colonization at 
the IAI, among which the application of 0.2% chlorhexidine solution at two stage surgeries 
is considered a more common practice. Yet, controversial opinions exist on the effective-
ness of chlorhexidine solution in preventing microbial colonization at the IAI.13,14 Bacterial 
endotoxins typically penetrate the IAI especially with Morse-taper connection but 0.2% 
chlorhexidine solution could not significantly eliminate the penetration. Alternative cleaning 
method, such as plasma of argon, was claimed to be a favorable method to reduce the in-
ner bacterial colonization at the IAI, maintaining hard tissue levels.7  
 The objectives of this systematic review and meta-analysis were to evaluate the mi-
crobiological colonization at the implant-abutment interface on bone level implants and in-
vestigate whether it relates to the onset of peri-implantitis. 
 
Materials and Methods 
This systematic review conformed the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines (http://www.prisma-statement.org).15 The proto-
col of this systematic review has been published in the international prospective register of 
systematic reviews (PROSPERO, http://www.crd.york.ac.uk/PROSPERO/) with registra-
tion number CRD42016037481. The focused question of the review was to identify 
  
whether there is a relationship between the presence of higher bacterial count and the on-
set of peri-implantitis, compared to healthy peri-implant conditions in patients with two-
piece osseointegrated implants after at least 1 year of function. Peri-implantitis was de-
fined by the presence of peri-implant probing depth ≥5 mm associated with bleeding on 
probing and/or suppuration, and radiographic images of bone loss ≥3 mm, compared to 
initial radiographs at delivery of the prosthetic restoration.16,17 
Information Sources 
Articles published only in English were searched that reported on microbial colonization at 
the IAI and its relationship with the onset of peri-implantitis, published from 1990 until 
March 2015 PubMed database of the US National Library of Medicine 
(http://www.ncbi.nlm.nih.gov/pubmed/), Google scholar (http://www.google.com) and the 
Cochrane Library (http://www.cochranelibrary.com/). Furthermore, the references of the 
included articles were checked manually in order to find additional articles. 
Search Strategy 
Initially, PICOS question (Population (P), Intervention (I), Comparison (C), Outcomes and 
Study Design (O), Study type (S)) defined the search strategy, where P=Two-piece osse-
ointegrated implants with a diagnosis of peri-implantitis after at least 1 year of function; 
I=Microbial colonization at the IAI; C=Healthy peri-implant conditions; O=Survival rate; 
S=Randomized controlled clinical trials (RCT) and clinical follow-up studies.18 
The electronic databases were searched using a combinations of MeSH (Medical Subject 
Headings) terms, search terms and their combinations: "dental implants" [MeSH] AND 
"bacterial contamination" OR “presence of bacterium” OR “dental leakage/microbiology” 
[MeSH] OR “microleakage” OR “microbiological findings” OR “microbiological colonization” 
OR “microbiota” OR “peri-implant microflora” AND "peri-implantitis" [MeSH] OR “peri-im-
plant pathology” OR “peri-implant disease” AND “Dental Abutments*/microbiology” 
[MeSH]“connection, implant-abutment” OR “dental Implant-abutment design” [MeSH] OR 
  
“implant-abutment junction” OR “implant-abutment microgap” OR “inner space of dental 
implants” OR “inner part of dental implants”. 
Study Selection and Eligibility Criteria 
All titles and abstracts of the selected studies were first assessed for the following inclu-
sion criteria: 1) Articles written in English; 2) Studies with a clinical examination of the pa-
tients; 3) Studies assessing the counts of different bacterial species (bacterial count, BC) 
at the IAI level in patients who received two-stage bone level implant systems, inde-
pendently from the configuration of the connection; 4) Randomized controlled clinical trials 
(RCTs), prospective cohort studies or cross-sectional studies reporting on implants in func-
tion for at least 1 year. 
After evaluating the full text of the articles according to the previously defined exclusion cri-
teria, articles with the following features, without restriction in languages, were not consid-
ered eligible: a) Letters, narrative or historical reviews; 2) Animal and in vitro studies; 3) 
Reports on locally or systemically compromised sites and/or conditions (i.e. major bone 
defect before implantation, bone pathologies, head and neck radiotherapy, treatment with 
bisphosphonates); 4) Reports on patients who received mechanical debridement in the 
previous 3 months or antibiotics in the last 6 months before analysis. 
Data Collection Process 
Two calibrated reviewers (M.C. and L.C.) screened and collected the data from selected 
papers onto structured tables. Cohen`s Kappa values between examiners was calculated 
at both the first and the second stage of the research. Discrepancies were resolved by 
consensus and a third examiner (M.T.) was consulted. 
 Articles without abstracts but with titles related to the objectives of this review were 
selected and their full text were screened for eligibility. Reference lists of the selected 
articles were further screened for possible additional papers. Additionally, hand searches 
of the bibliographies of selected systematic reviews were conducted limited to the 
  
following journals: Clinical Implant Dentistry and Related Research; Clinical Oral Implants 
Research; International Journal of Oral and Maxillofacial Implants; Journal of Clinical 
Periodontology; Journal of Periodontology.  
Assessment of quality, heterogeneity and Risk of Bias of Individual Studies 
The same reviewers assessed the risk of bias in the included sample according to the 
guidelines provided by the CONSORT statement for the evaluation of randomized con-
trolled trials (http://www.consort-statement.org), the STROBE statement for observational 
studies (http://www.strobe-statement.org), as well as the modified items from the 
Cochrane Collaboration Tool for assessing risk of bias (Table 1).19,20 
 Considering the adequacy in the respective studies, the items were graded and the 
percentage of positively graded items was calculated.19 Quality assessment was 
performed in two different phases, namely phase I where quality assessment was based 
on the published full-text articles performed independently by both reviewers and in phase 
II where disagreements were resolved upon discussion. After collecting the scores at 
phase II of quality assessment, an overall estimation of plausible risk of bias (low, 
moderate or high) was completed for each selected study. While a low risk of bias was 
estimated when all the criteria were met, a moderate risk was considered when one or 
more criteria were partly met and a high risk of bias was estimated when one or more 
criteria were not meet (Cochrane Handbook for Systematic Reviews of Interventions, 
version 5.1.0. http:// www.cochrane.org/resources/handbook). 
Measures and Analysis of Results 
Descriptive statistics, meta-regression and meta-analysis were performed, based on the 
comparable studies reporting the same outcome measures. The microbiota present at the 
IAI of implants in function for at least 1 year was considered for data analysis. BCs of 
gram-negative bacteria associated with chronic periodontitis (Porphyromonas gingivalis, 
  
Tannerella forsythia, Treponema denticola, Prevotella intermedia, and Fusobacterium nu-
cleatum) were extracted and defined as primary outcome variable.21 The meta-regression 
considered microbiota that are regularly detected at peri-implantitis sites and are found to 
increase the risk for peri-implant bone loss and disease progression.10,21-23 Mean differ-
ences were combined using random-effects models. Heterogeneity between studies, sub-
group analyses, meta-analysis, and forest plots were calculated using a software program 
(Comprehensive Meta-Analysis V3; Biostat, Englewood, NJ, USA). 
 
Results 
Study Selection 
A total of 523 potentially relevant titles and abstracts were found after the electronic and 
manual search. During the first stage of selection, 309 articles were excluded based on 
the titles and abstracts (k=0.72). During the second phase, complete full-text articles of the 
remaining 212 publications were evaluated and 198 articles were excluded since they did 
not fulfill the inclusion criteria (k=0.98). Finally, a total of 14 articles, reporting data from 
1126 implants, were selected that fulfilled inclusion criteria and quality assessment 
required for this systematic review (Fig. 1). 
Study Characteristics 
The 14 selected articles were published between 1993 and March of 2015, two of which 
were RCTs,24,25 two prospective cohort studies,26,27 and ten cross-sectional studies.5,7,28-35 
Only one prospective clinical study (27) was written following the STROBE statement for 
observational studies (http://www.strobe-statement.org). Hence, a direct comparison 
between the selected articles was not possible. 
Risk of Bias within Studies 
One publication was associated with a low risk of bias,27 seven with moderate risk of 
bias,5,7,32-35 and six with high risk of bias.25,26,28-31 
  
The included articles received minimum grading when evaluating submission to ethical 
committees (6/14), presence of blinded evaluators (2/14), standardization of the proce-
dures (1/14) and presence of eligible criteria (9/14) (Table 1). 
Measures and Meta-regression Analysis 
Bacterial leakage at the IAI: All selected studies reported contamination of the IAI and 
the abutment surface in patients receiving the assembly of a two-stage implant system. 
Quantitative real-time polymerase chain reaction (PCR) was carried out for BC in 7 of the 
14 studies,5,7,24,27,33,34 where the following pathogens were analyzed: Aggregatibacter 
actinomycetemcomitans, Porphyromonas gingivalis, Tannerella forsythia, Treponema 
denticola, Prevotella intermedia, Parvimonas micra, Fusobacterium nucleatum, 
Campylobacter rectus, Eikenella corrodens, Candida albicans, Enterococcus faecalis, and 
Porphyromonas aeruginosa. While in one study the checkerboard DNA-DNA hybridization 
technique was used,32 in other six studies different techniques including a scanning 
electron microscopy was used in order to screen the colony morphology.25,26,28-31 
In one study,27 progressive colonization by periodontal pathogenic bacteria was described 
in the internal portions of two-piece implants. In another study,32 intra-coronal components 
of screw-retained fixed restorations were heavily contaminated in all the specimens. 
Contamination of abutment screws most likely occurred from the peri-implant sulcus 
through the IAI and abutment-prosthesis interface. Likewise, significant differences in 
antibiotic-resistant nosocomial bacteria (E. faecalis and P. aeruginosa) were observed at 
the internal and external implant components between healthy peri-implant sulci and 
implants compromised with peri-implantitis.35 Regarding the absence/presence of the 
bacteria analyzed, no relevant differences were found between the analysis at the peri-
implant sulcus and the connections inside the abutments surfaces.5 The microbial 
composition at the neighbouring teeth resembled those found in the the peri-implant 
  
sulcus with a high frequency for P. gingivalis, T. forsythia, P. intermedia, P. micra and E. 
corrodens.5 
 Two comparative studies between healthy peri-implant conditions versus implants 
affected by peri-implantitis,5,7 reported bacterial contamination in both groups. Orange 
complex species (P. intermedia, P. micra, F. nucleatum)36,37 were the most prevalent in all 
sites analyzed for both groups. Inside of the implant connection, the prevalence of the 
analyzed species was more predominant in the peri-implantitis group and varied from 
1.1% A. actinomycetemcomitans to 98.9% F. nucleatum. Species with ≥50% of prevalence 
were: P. gingivalis, T. denticola, P. intermedia, F. nucleatum, C. rectus, E. corrodens, T. 
forsythia and P. micra.5 
Bacterial leakage at the IAI in relation to abutment connection design: The selected 
sample showed greater heterogeneity regarding the type of the IAI. Four studies reported 
on external hexagon connections,24,28,30,32 and two studies either on internal hexagons27 or 
morse taper29 connections. Four studies used different IAI designs,5,25,31,34 while the type 
of IAI was not reported in the other 4 manuscripts.7,26,33,35 
 The evaluation of four different IAIs implied that all the analyzed connections 
presented contamination after 5 years of functional loading.34 It also appeared that the 
connection design might have influenced the BC levels qualitatively and quantitatively, 
especially inside the implant connections, showing better results for the conical 
connection. Similarly, different types of abutments showed significant variation on the 
mean microgap size within the first 5 hours of loading.25 However, no significant influence 
of micro-leakage was found at 24 hours, 48 hours, and 14 days on BC levels. Yet, the use 
of standard abutments significantly decreased the microgap size compared to customized 
ones. The study concluded that the microleakage in the connection area was comparable 
for all of the analyzed abutments. 
Meta-regression and Analysis of Subgroups 
  
Five studies, including a total of 622 implants (n=223 with peri-implantitis; n=399 with 
healthy peri-implant conditions) in function for at least 1 year, were included in the meta-
analysis (34; 27; 33; 5; 7). BC of gram negative anaerobic showed relevance to chronic 
periodontitis and founded to increase the risk for peri-implant bone loss and disease 
progression due to the presence of periodontal pathogens (P. gingivalis, T. forsythia, T. 
denticola, P. intermedia, F. nucleatum) (Table 2).10,21-23 Meta-analysis considered the 
bacteria that were evaluated in all selected studies. Two out of five studies compared the 
BC in healthy peri-implant conditions versus implants affected by peri-implantitis (5; 7). 
Meta analysis revealed higher mean values for the BC of all the gram-negative bacteria 
analyzed, except for T. forsythia in implants with peri-implantitis (Fig. 2). Overall, the mean 
differences in BC were statistically significant between the two analyzed groups, with 
higher values in implants with peri-implantitis (difference: 0.387±0.055; 95% CI 0.279-
0.496, p=0.000). 
 
Discussion    
This systematic review evaluated the microbial colonization at the IAI on bone level 
implants and related it to the possible onset of peri-implantitis. Except for T. forsythia, 
significantly higher BC was identified at implants affected by peri-implantitis compared to 
healthy peri-implant sulci for all gram-negative plausible periodontal pathogens. For the T. 
forsythia, only a trend towards higher BC was detected. 
 The included studies assessed the microbiota at the level of IAI in patients who 
received two-stage bone level implant systems with various implant-abutment connection 
designs. Nevertheless, two studies reported the contamination of the IAI independent from 
the connection design.25,34 Furthermore, no distinction could be made between screw- and 
cemented-retained restorations assuming that the crown-abutment junction is located 
more coronal, assuming that the gaps is filled with cement. 
  
 Presence of bacterial contamination at the IAI placed at the alveolar bone level was 
demonstrated to be associated with significant inflammatory cell infiltration and bone 
loss.27 Increased accumulation of acute inflammatory cells adjacent the IAI suggests the 
persistence of chemotactic stimuli from this region sustaining continuous recruitment of 
neutrophilic granulocytes.38,39 Additionally, the presence of an inflammatory infiltration of 
peri-implant tissue at the fixture-abutment interfaces was also led by microbial internal 
contamination.24,26 
 A number of studies reported that microbial contamination could occur at the level 
of IAI both in implants with healthy and diseased tissue conditions.5,7,41 Despite the fact 
that there were no clinical signs of peri-implantitis, the presence of the bacterial species 
associated with this condition were clearly elevated. When clinical and microbiological 
characteristics in subjects and implants with healthy tissue conditions or peri-implantitis 
were evaluated and data from healthy and diseased implant sites were compared within 
the same subject (534 patients; 1507 dental implants), clear trends were observed.5 
Microbial analysis obtained from three locations (peri-implant sulcus (PIS), inner parts of 
the implant connections (PI), gingival sulcus of the neighbouring teeth) along with clinical 
parameters (bleeding on probing, probing pocket depth, plaque index), presence of peri-
implantitis was evident in 10.3% of the patients and in 7.3% of the implants. The microbial 
analysis within the 53 patients affected by peri-implantitis revealed no relevant differences 
between the analysis at the PIS and PI.5 
 Microgap at the IAI may also yield to mechanical and biological complications 
including abutment screw fractures and peri-implant diseases.25 Microgap size and 
microbial leakage at different times at the IAI of 4 different abutments to Straumann 
implants denoted significant effect on the mean microgap size (p<0.001) and on the mean 
number of bacterial colonies (CFU/mL) leaking from the IAI within the first 5 hours of the 
  
experiment (p=0.012).25 However, the micro-leakage at 24 hours, 48 hours, and 14 days 
was no longer influenced significantly (p=0.145). 
 Clinical and microbial differences between healthy peri-implant conditions and peri-
implantitis revealed that the microbial prevalence was higher in the peri-implantitis group at 
three locations and the differences in prevalence between different types of bacteria were 
more marked inside the connection than in the PIS (57 patients; 122 implants).5 When 
opportunistic pathogens (E. faecalis, P. aeruginosa) were identified in the presence of peri-
implant disease at the level of PIS of each implant, gingival sulcus of the adjacent teeth 
and the connection and abutment at the inner portion of each implant, significant 
differences on the presence and amount of nosocomial bacteria were detected around 
diseased implants.35 Not only microbial leakage through the gap between the supra-
structure and the abutment,27,29 but also implant designs and materials may affect the 
potential risk of harboring oral microorganisms.41,42 Typically morse taper connections 
seems collect less bacteria as opposed to three-channel connection or conical 
connection.43 Similarly, morse taper connections presented favorable results in this respect 
compared to the trilobe cemented connection.44 On the other hand, bacterial microbiota 
present inside the implant connection and in the PIS fluid of implants with healthy peri-
implant conditions with four different implant systems after at least 5 years of functional 
loading, demonstrated microbiological contamination in all types of connections regardless 
of the site (peri-implant sulcus, inner portion of the connection, abutment surface and 
gingival sulcus of neighbouring teeth).34 
Implications for Clinical Practice  
This meta-analysis indicated that bacteria could easily be colonized at the implant-abut-
ment interface and may consequently cause outbreak of peri-implantitis. It is evident from 
a clinical point of view that inner portions of IAI should always be considered contami-
nated. Clinicians should note that there exists gap in the clinical evidence for justification 
  
of cleaning IAI at regular intervals to improve soft and hard tissue healing. Yet, current evi-
dence may suggest removal of the crown/abutment complex and the disinfection/steriliza-
tion of the connection units both at the implant and abutment aspects at certain intervals 
as an adjunct to maintenance regimens of dental implants. 
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based on PRISMA . 
Figure 2. Forest plot of pooled studies and meta-analysis of the differences in bacte-
rial count for each investigated bacteria present at the implant-abutment interface 
(IAI) of healthy implants and implants affected by peri-implantitis for at least 1 year. 
 
Tables: 
Table 1. Reporting quality of all selected full-text articles (Graziani et al., 2012; Pje-
tursson et al., 2012).  
Table 2. Included studies and reported counts of gram-negative anaerobic bacteria 
(P. gingivalis, T. forsythia, T. denticola, P. intermedia, F. nucleatum) associated with 
chronic periodontitis present at the implant-abutment interface (IAI) of healthy im-
plants and implants affected by peri-implantitis for at least 1 year. 
 
 
 
 
  
Table 1. Reporting quality of all selected full-text articles (Graziani et al., 2012; Pjetursson et al., 2012). 
 
1st Author & Year Study Design Ethical commit-
tee Criteria for Eli-gibilty  Standardiza-tion Blinded Asses-
sor 
Connection Partici-
pants Number of Implants TBC methods Risk of Bias 
Cosyn et al. 2009 Cross-sectional Yes -	 Yes -	 External hex 8 58 DNA-DNA hybridization tech-
nique Moderate 
Jervøe-Storm et al. 
2014 Prospective Yes Yes Yes Yes Internal hex 66 26 Quantitative real-time PCR  Low 
Canullo et al. 2015d Cross-sectional Yes Yes Not clear -	 Not reported 38 52 Quantitative real-time PCR  Moderate 
Persson et al. 1996 Cross-sectional -	 -	 -	 -	 External hex 10 28 Colony morphology on the 
blood agar plates High 
Canullo et al. 2014 Cross-sectional -	 Yes Not clear -	 Different types (4) 40 60 Quantitative real-time PCR  Moderate 
Canullo et al. 2015a Cross-sectional Yes Yes Not clear -	 Different types (3) 53 231 Quantitative real-time PCR  Moderate 
Paolantonio et al. 
2008 Randomized controlled trial Yes Yes Not clear -	 External hex 30 30 DNA Extraction and Polymer-ase Chain Reaction (PCR) 
Amplifications 
Moderate 
Peñarrocha et al. 
2014 Cross-sectional -	 Yes Not clear -	 Not reported 20 43 Quantitative real-time PCR  Moderate 
Rimondini et al. 
2001 Prospective -	 -	 -	 -	 Not reported 17 17 Scanning electron micros-copy and energy dispersive 
x-ray spectroscopy (EDS) 
analysis. 
High 
Canullo et al. 2015c Cross-sectional Yes Yes Not clear -	 Not reported 110 225 Quantitative real-time PCR  Moderate 
Scarano et al. 2005 Cross-sectional -	 -	 -	 -	 Different type (5) -	 272 Observed in normal reflecting 
light under a Laborlux-S light 
microscope  
High 
Rismanchian et al. 
2012 Randomized controlled trial -	 -	 -	 -	 Different types (4) -	 36 TSB culture and SEM High 
  
Quirynen et al. 1993 Cross-sectional -	 Yes -	 -	 External hex 9 18 Different phase contrast mi-
croscopy (DPCM) High 
Keller et al. 1998 Cross-sectional -	 Yes -	 -	 Internal morse ta-
per 30 30 Darkfield microscope High 
 
Table 2. Included studies and reported counts of gram-negative anaerobic bacteria (P. gingivalis, T. forsythia, T. denticola, P. intermedia, F. nucleatum) associated with chronic periodontitis 
present at the implant-abutment interface (IAI) of healthy implants and implants affected by peri-implantitis for at least 1 year. 
 
1st Author & Year Bacteria Mean Standard devia-tion Variance Lower limit Upper limit Z-Value P-Value 
Peri-implantitis: 
 
1) Canullo et al., 2015a 
2) Canullo et al., 2015c 
P. gingivalis 3.377 0.186 0.035 3.012 3.747 18.154 0.000 
T. forsythia 2.388 0.158 0.025 2.079 2.697 15.124 0.000 
T. denticola 2.641 0.185 0.034 2.279 3.003 14.281 0.000 
P. intermedia 4.410 0.192 0.037 4.034 4.786 22.966 0.000 
F. nucleatum 5.60 0.120 0.014 5.364 5.836 46.507 0.000 
Total 	 3.516 0.088 0.008 3.344 3.689 40.049 0.000 
Healthy implants: 
 
1) Canullo et al., 2015a 
2) Canullo et al., 2015c 
3) Penarrocha-Oltra et al., 2014 
4) Jervøe-Storm et al., 2014 
5) Canullo et al., 2014 
P. gingivalis 2.475 0.157 0.024 2.169 2.782 15.815 0.000 
T. forsythia 2.783 0.135 0.018 2.519 2.047 20.648 0.000 
T. denticola 1,685 0.148 0.022 1.395 1.975 11.398 0.000 
P. intermedia 3.543 0.167 0.028 3.217 3.870 21.279 0.000 
F. nucleatum 5.193 0.106 0.011 4.986 5.401 48.977 0.000 
Total 	 2.971 0.075 0.006 2.824 3.118 39.555 0.000 
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